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Description 

[METHOD OF FABRICATING THIN FILM 
TRANSISTOR ARRAY SUBSTRATE AND 
STACKED THIN FILM STRUCTURE] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 93105043, filed February 27, 2004. 
Background of Invention 

[0002] Field of the Invention 

[0003] jhe present invention relates to a method of fabricating a 
thin film transistor array substrate and a stacked thin film 
structure. More particularly, the present invention relates 
to a method of increasing the production yield of thin film 
transistor array substrate and stacked thin film structure. 

[0004] Description of the Related Art 

[0005] Great advances in multimedia communication come about 
with the breakthroughs in semiconductor fabrication and 
development in man-machine interfaces. Cathode ray 



tube (CRT) used to be the principle type of displays in the 
market because of its reliability and moderate pricing. 
However, in an environment with a multiple of desktop 
terminals/displays, the demand for environmentally 
friendly equipment is so acute that the bulky and power- 
zapping CRT no longer meets the demands of consumers. 
In the search for alternatives, thin film transistor liquid 
crystal displays (TFT LCD), which is light, radiation free 
and able to produce high-quality pictures at a low power 
rating have gradually become mainstream display prod- 
ucts. 

[0006] The display panel of most color thin film transistor liquid 
crystal displays mainly comprises a thin film transistor ar- 
ray substrate, a color filter array substrate and a liquid 
crystal layer. The thin film transistor array substrate in- 
cludes an array of thin film transistors on a glass panel, a 
plurality of pixel electrodes that correspond to the thin 
film transistor and a plurality of scan lines and data lines. 
Each thin film transistor further comprises a gate, a chan- 
nel, a drain and a source. The action of the liquid crystal 
molecules inside each pixel is controlled through these 
thin film transistors. 

[0007] pigs. 1A through 1C are schematic cross-sectional views 



showing the steps for forming a conventional thin film 
transistor array substrate. The method of forming a con- 
ventional thin film transistor array substrate includes the 
following steps. First, as shown in Fig. 1A, a substrate 100 
is provided. A first metallic layer is formed over the sub- 
strate 100 and then the first metallic layer is patterned to 
form a gate 110 by performing photolithographic and 
etching processes, for example. Thereafter, a dielectric 
layer 120 and an amorphous silicon layer 130 are sequen- 
tially formed over the entire surface of the substrate 100. 
A second metallic layer is formed over the amorphous sili- 
con layer 130. The second metallic layer is also patterned 
to form a source/drain 140 by performing photolitho- 
graphic and etching processes, for example. A passivation 
layer 150 is formed over the substrate 100 globally. Af- 
terwards, a patterned photoresist layer 160 is formed over 
the passivation layer 150 above the source/drain 140. 
[0008] As shown in Fig. IB, using the patterned photoresist layer 
160 as a mask, an isotropic etching of the passivation 
layer 150 is carried out to remove the passivation layer 
150, the amorphous silicon layer 130 and the dielectric 
layer 120 exposed by the photoresist layer 160. However, 
in the process of etching the passivation layer 150, the 



amorphous silicon layer 130 and the dielectric layer 120, 
an etching solution with a higher etching rate on the 
amorphous silicon layer 130 than the dielectric layer 120 
is often used. Since the exposed amorphous silicon layer 
130 is completely removed before the dielectric layer 120, 
a portion of the amorphous silicon layer 130 on the side- 
walls will be removed to form an undercut in an area la- 
beled A. 

[0009] As shown in Fig. 1C, a pixel electrode 170 is formed over 
the substrate 100. The pixel electrode 170 is electrically 
connected to the source/drain 140 through an opening in 
the passivation layer 150. Due to the presence of the un- 
dercut, the step coverage of the pixel electrode 170 above 
area A is often poor. Ultimately, this may lead to a prema- 
ture break in the pixel electrode 170 and hence a failure 
of the pixel electrode 170 to register image signals. When 
breaks occur in the pixel electrode 170 frequently, the 

yield of thin film transistor array substrates will drop. 
Summary of Invention 

[0010] Accordingly, at least one objective of the present inven- 
tion is to provide a method of fabricating a thin film tran- 
sistor array substrate and stacked thin film structure ca- 
pable of increasing overall process yield. 



[0011] To achieve these and other advantages and in accordance 
with the purpose of the invention, as embodied and 
broadly described herein, the invention provides a method 
of fabricating a thin film transistor array substrate. First, a 
first patterned metallic layer, a dielectric layer, an amor- 
phous silicon layer, a second patterned metallic layer and 
a passivation layer are sequentially formed over a sub- 
strate. The first patterned metallic layer comprises a plu- 
rality of scan lines and a plurality of scan line connected 
gates. The second patterned metallic layer comprises a 
plurality of data lines and a plurality of data line con- 
nected source/drains. 

[0012] Thereafter, a patterned photoresist layer is formed over 
the passivation layer. The patterned photoresist layer at 
least covers the source/drains and surrounding areas. 
Furthermore, the edges of the patterned photoresist layer 
have a plurality of first thin-out regions. Each first thin- 
out region stretches over part of the edge of one source/ 
drain. 

[0013] using the patterned photoresist layer as an etching mask, 
the passivation layer, the amorphous silicon layer and the 
dielectric layer exposed by the patterned photoresist layer 
is removed. In the meantime, the passivation layer under 



the first thin-out regions is removed to form a plurality of 
staircase structures that corresponds to the first thin-out 
regions. 

[0014] Finally, a plurality of pixel electrodes is formed over the 

substrate. Each pixel electrode covers one staircase struc- 
ture and electrically connects with one source/drain elec- 
trode. 

[0015] | n the process of fabricating the thin film transistor array 
substrate, the method of forming the patterned photore- 
sist layer includes depositing photoresist material over the 
substrate to form a photoresist layer and providing a half- 
tone mask. Using the half-tone mask as a photomask, a 
front-exposure and development of the photoresist layer 
is carried out. The half-tone mask has transparent re- 
gions, semi-transparent regions and opaque regions. Fur- 
thermore, the first thin-out regions correspond to the 
semi-transparent regions of the half-tone mask. 

[0016] | n addition, the first patterned metallic layer and the sec- 
ond patterned metallic layer may further comprise a plu- 
rality of bonding pads. The bonding pads are connected 
to the respective terminals of the scan lines and the data 
lines. Furthermore, the bonding pads have a plurality of 
vias positioned to form an array. 



[0017] Furthermore, the following steps can be used to form the 
patterned photoresist layer in the process of fabricating 
thin film transistor array substrate. First, a photoresist 
layer is formed over the passivation layer. Thereafter, a 
back-exposure operation of the photoresist layer is car- 
ried out using the first patterned metallic layer and the 
second patterned metallic layer as a mask. The amount of 
energy used in the back-exposure is just sufficient to ex- 
pose a portion of the photoresist layer. Next, a front- 
exposure of the photoresist layer is carried out using an- 
other photomask. The photoresist layer above the source/ 
drain is exposed in the front-exposure operation while 
the photoresist layer within the remaining first thin-out 
regions are exposed in the back-exposure operation. Fi- 
nally, the photoresist layer is chemically developed. Width 
of the inter-via metallic layer is smaller than the photo- 
exposure resolution in the back-exposure operation. 

[0018] The present invention also provides a method of fabricat- 
ing a stacked film structure. First, a dielectric layer, an 
amorphous silicon layer, a first patterned metallic layer 
and a passivation layer are sequentially formed on the 
front face of a substrate. Thereafter, a patterned photore- 
sist layer is formed over the passivation layer. Part of the 



edges of the patterned photoresist layer has a smaller 
thickness and hence forms a plurality of thin-out regions. 
Each thin-out region stretches across part of the edge of 
the first patterned metallic layer. Using the patterned 
photoresist layer as a mask, the passivation layer, the 
amorphous silicon layer and the dielectric layer exposed 
by the patterned photoresist layer are removed. In the 
meantime, the passivation layer under each thin-out re- 
gion is removed to form a staircase structure that corre- 
sponds to the thin-out region. 
[0019] | n the process of fabricating the stacked film structure ac- 
cording to the present invention, the method of forming 
the patterned photoresist layer includes depositing pho- 
toresist layer over the passivation layer to form a photore- 
sist layer. Thereafter, a back-exposure operation is car- 
ried out using the first patterned metallic layer as a pho- 
tomask. The amount of energy used in the back-exposure 
is just sufficient to expose a portion of the photoresist 
layer. Next, a front-exposure of the photoresist layer is 
carried out using another photomask. Similarly, the 
amount of energy used in the front-exposure is just suffi- 
cient to expose a portion of the photoresist layer. The 
photoresist layer above the first patterned metallic layer is 



exposed in the front-exposure operation while the pho- 
toresist layer within the remaining first thin-out regions 
are exposed in the back-exposure operation. Finally, the 
photoresist layer is chemically developed. 

[0020] | n the process of fabricating the stacked film structure, 

the method of forming the patterned photoresist layer in- 
cludes depositing photoresist material over the passiva- 
tion layer to form a photoresist layer. Thereafter, a half- 
tone mask is used as a photomask to carry out a front- 
exposure and development of the photoresist layer. The 
half-tone mask comprises transparent regions, semi- 
transparent regions and opaque regions. Furthermore, 
each thin-out region corresponds to one of the semi- 
transparent regions in the half-tone mask. 

[0021] | n addition, in the process of fabricating the stacked film 
structure, a second patterned metallic layer is formed be- 
fore forming the dielectric layer. After removing the passi- 
vation layer, the amorphous silicon layer and the dielectric 
layer using the patterned photoresist layer as an etching 
mask, a portion of the second patterned metallic layer is 
exposed. Furthermore, after removing a portion of the 
passivation layer, the amorphous silicon layer and the di- 
electric layer, a conductive layer is formed over the sub- 



strate to cover the staircase structures. 
[0022] | n brief, in the process of fabricating the thin film transis- 
tor array substrate and stacked film structure according to 
the present invention, an isotropic etching of the passiva- 
tion layer is carried out using a patterned photoresist 
layer with thin-out regions. The thin-out regions stretch 
over part of the edges of the patterned metallic layer (for 
example, the source/drains). Hence, the conductive layer 
over such regions is harder to break. With a sturdier con- 
ductive layer, production yield of the thin film transistor 
array substrate and the stacked film structure will im- 
prove. 

[0023] it is to be understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 

the invention as claimed. 
Brief Description of Drawings 

[0024] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 



[0025] pigs. 1A through 1C are schematic cross-sectional views 
showing the steps for forming a conventional thin film 
transistor array substrate. 

[0026] pigs. 2A through 2D are schematic cross-sectional views 
showing the steps for fabricating a thin film transistor ar- 
ray substrate according to one embodiment of the present 
invention. 

[0027] Fig. 3 is a top view showing the distribution of patterned 
photoresist layer close to the source/drain according to 
the embodiment of the present invention. 

[0028] Figs. 4 and 5 are schematic cross-sectional views showing 
the steps for forming patterned photoresist layer with 
thin-out regions in the process of fabricating the thin film 
transistor array substrate according to the present inven- 
tion. 

[0029] Fig. 6 is a top view of a bonding pad according to the 
present invention. 

[0030] Fig. 7 is a top view showing another distribution of pat- 
terned photoresist layer close to the source/drain accord- 
ing to the present invention. 

[0031] Fig. 8 is a schematic cross-sectional view of a thin film 
transistor array substrate of another embodiment of the 
present invention. 



[0032] pigs. 9A through 9C are schematic cross-sectional views 
showing the steps for fabricating a stacked film structure 
according to one embodiment of the present invention. 

[0033] pigs. 10 and 11 are schematic cross-sectional views 

showing the steps for forming patterned photoresist layer 
with thin-out regions in the process of fabricating the 
stacked film structure according to the present invention. 

[0034] Fig. 12 is a schematic cross-sectional view of a stacked 
thin film structure according to another embodiment of 
the present invention. 

[0035] Fig. 13 is a top view showing the distribution of patterned 

photoresist layer in the process of fabricating the stacked 

film structure according to the present invention. 
Detailed Description 

[0036] Reference will now be made in detail to the present pre- 
ferred embodiments of the invention, examples of which 
are illustrated in the accompanying drawings. Wherever 
possible, the same reference numbers are used in the 
drawings and the description to refer to the same or like 
parts. 

[0037] Figs. 2A through 2D are schematic cross-sectional views 
showing the steps for fabricating a thin film transistor ar- 
ray substrate according to one embodiment of the present 



invention. As shown in Fig. 2A, a first patterned metallic 
layer 210, a dielectric layer 220, an amorphous silicon 
layer 230, a second patterned metallic layer 240 and a 
passivation layer 250 are sequentially formed over a sub- 
strate 200. The substrate 200 is a glass substrate or a 
transparent plastic substrate, for example. The first pat- 
terned metallic layer 210 comprises a plurality of scan 
lines 212 and a plurality of gates 214 connected to the 
respective scan lines 212. 
[0038] The method of forming the first patterned metallic layer 
210 includes forming a first metallic layer over the sub- 
strate 210. The first metallic layer is formed, for example, 
by performing a physical vapor deposition or a chemical 
vapor deposition. The first metallic layer is fabricated us- 
ing a conductive material selected from a group consist- 
ing of tantalum (Ta), chromium (Cr), molybdenum (Mo), 
titanium (Ti) and aluminum (Al). Thereafter, a first pho- 
toresist layer is formed over the first metallic layer. The 
first photoresist layer is photo-exposed using a pho- 
tomask and then developed to form a first patterned pho- 
toresist layer. Finally, using the first patterned photoresist 
layer as an etching mask, a portion of the first metallic 
layer is removed to form the first patterned metallic layer 



210. 

[0039] As shown in Fig. 2A, the dielectric layer 220 and the 
amorphous silicon layer 230 are formed over the sub- 
strate 200 to cover the first patterned metallic layer 210. 
The dielectric layer 220 is formed, for example, by per- 
forming a plasma-enhanced chemical vapor deposition 
(PECVD) process or some other deposition process. The 
dielectric layer 220 is fabricated using a material including 
silicon nitride (Si N ), silicon oxynitride (SiON), silicon ox- 
ide (SiO ) or other dielectric materials. The dielectric layer 
220 over the gate 214 serves as a gate insulation layer. 

[0040] The second patterned metallic layer 240 has a plurality of 
data lines 242 and a plurality of source/drains 244 con- 
nected to the respective data lines 242. The source/drains 
244 are formed on the dielectric layer 220 above the 
gates 214. 

[0041] Furthermore, the first patterned metallic layer 210 and the 
second patterned metallic layer 240 comprise a plurality 
of bonding pads 216. The bonding pads 216 are con- 
nected to the respective terminals of the scan lines 212 
and the data lines 242. The bonding pads 216 are areas 
of electrical connection with some other devices later in a 
subsequent process. 



[0042] | n addition, the method of forming the second patterned 
metallic layer 240 includes forming a second metallic 
layer over the amorphous silicon layer 230. The second 
metallic layer is formed, for example, by performing a 
physical vapor deposition process or a chemical vapor de- 
position process. The second metallic layer is fabricated 
using a conductive material selected from a group con- 
sisting of tantalum, chromium, molybdenum and alu- 
minum. Thereafter, a second photoresist layer is formed 
over the second metallic layer. A photo-exposure of the 
second photoresist layer is carried out and then developed 
to form a second patterned photoresist layer using an- 
other photomask. Finally, using the second patterned 
photoresist layer as an etching mask, a portion of the sec- 
ond metallic layer is removed to form the second pat- 
terned metallic layer 240. 

[0043] After forming the amorphous silicon layer 230 but before 
forming the second patterned metallic layer 240, an 
ohmic contact layer 232 may also form between the 
amorphous silicon layer 230 and the second patterned 
metallic layer 240. The ohmic contact layer 232 is fabri- 
cated using doped amorphous silicon (n+ a-Si), for exam- 
ple. 



[0044] Thereafter, a passivation layer 250 is formed over the 
substrate 200 globally to cover the amorphous silicon 
layer 230 and the second patterned metallic layer 240. In 
this embodiment, the passivation layer 250 is a silicon ni- 
tride layer formed, for example, by performing a plasma- 
enhanced chemical vapor deposition (PECVD) process or 
some other process. 

[0045] pig. 3 is a top view showing the distribution of patterned 
photoresist layer close to the source/drain according to 
the embodiment of the present invention. As shown in 
Figs. 2B and 3, a patterned photoresist layer 260 is 
formed over the passivation layer 250. The patterned 
photoresist layer 260 at least covers the source/drains 
244 and its peripheral regions. In the meantime, the pat- 
terned photoresist layer 260 also covers the edges of the 
bonding pads 216 as well as the scan lines 212. The dis- 
tribution of the patterned photoresist layer 260 in Fig. 3 is 
used as an illustration only and should by no means be 
construed as a limitation of the present invention. In this 
embodiment, the patterned photoresist layer 260 may 
have some other pattern of distribution over the sub- 
strate. Furthermore, part of the edges of the patterned 
photoresist layer 260 also has a plurality of first thin-out 



regions 262 each having a smaller layer thickness. Each 
first thin-out region 262 stretches over part of the edge 
of one source/drain 244. 

[0046] As shown in Figs. 2B and 2C, using the patterned pho- 
toresist layer 260 as an etching mask, the passivation 
layer 250, the amorphous silicon layer 230 and the di- 
electric layer 220 exposed by the patterned photoresist 
layer 260 are removed. Meanwhile, the passivation layer 
250 under the first thin-out regions 262 is also removed 
to expose the source/drains 244 and its peripheral amor- 
phous silicon layer 230 and form a plurality of staircase 
structures SI. Because the patterned photoresist layer 260 
covers the edges of the bonding pads 216, the central 
section of the bonding pads 216 are exposed. In addition, 
the method of removing various material layers using the 
patterned photoresist layer 260 as an etching mask in- 
cludes isotropic etching. The isotropic etching operation 
is carried out using an etching solution having an etching 
rate for amorphous silicon layer 230 greater than the 
etching rate for the dielectric layer 220. 

[0047] As shown in Fig 2D, a plurality of pixel electrodes 270 is 
formed over the substrate 200. Each pixel electrode 270 
covers one staircase structure SI and electrically connects 



with one source/drain 244. In addition, the pixel electrode 
270 may also cover a portion of the dielectric layer 220 
above the scan lines 212 so that the pixel electrode 270 
and the underlying scan line 212 together with the dielec- 
tric layer 220 between the two form a pixel storage ca- 
pacitor structure. In the process of forming the pixel elec- 
trode 270, an electrode material layer 272 may also form 
over the bonding pad 216 and electrically connect with 
the bonding pad 216. The pixel electrode 270 and the 
electrode material layer 272 are fabricated using a trans- 
parent conductive material such as indium tin oxide (ITO) 
or strontium tin oxide (STO), for example. 
[0048] | n the process of fabricating the thin film transistor array 
substrate, a plurality of thin-out regions 262 are formed 
in the patterned photoresist layer 260. Hence, a staircase 
structure SI is formed on the edge of the source/drain 
244. With the staircase structure SI, a discontinuous ver- 
tical wall (similar area A in Fig. IB) will not form at the 
edge of the source/drain 244 even if the amorphous sili- 
con layer 230 at the edge of the source/drain 244 has an 
undercut due to a difference in etching rates. In other 
words, cracking near the edge of the source/drain 244 
within the pixel electrode 270 can be avoided. 



[0049] pigs. 4 and 5 are schematic cross-sectional views showing 
the steps for forming patterned photoresist layer with 
thin-out regions in the process of fabricating the thin film 
transistor array substrate according to the present inven- 
tion. As shown in Fig. 4, the method of forming the pat- 
terned photoresist layer 260 includes depositing photore- 
sist material over the passivation layer 250 to form a pho- 
toresist layer 265. Thereafter, using the first patterned 
metallic layer 210 and the second patterned metallic layer 
240 as a photomask, a back-exposure operation is carried 
out on the photoresist layer 265. The amount of energy 
used in the back-exposure is just large enough to expose 
a portion of the photoresist layer 265. For example, the 
amount of energy used in the back-exposure is set to 
about 2/3 of the amount of energy required for a full ex- 
posure of the photoresist layer 265. In general, the actual 
amount of energy used for carrying out the back-ex- 
posure can be optimized by trail-and-error according to 
the result of the back-exposure. Here, details of the 
method of adjustment are omitted. 

[0050] it should be noted that the central area of the bonding 

pads 216 should be hollowed out when the bonding pads 
are formed if the method as shown in Fig. 4 is used to 



form the patterned photoresist layer 260. Fig. 6 is a top 
view of a bonding pad according to the present invention. 
As shown in Figs. 4 and 6, an array of vias 218 is formed 
in the bonding pad 216. Furthermore, the width D in the 
metallic layer between neighboring vias 218 is preferably 
smaller than the resolution in the back-exposure of the 
photoresist layer 265. Only through such an arrangement, 
the photoresist layer 265 above the central region of the 
bonding pad 216 can be partially photo-exposed in the 
back-exposure operation so that the central region of the 
bonding pad 216 are exposed after a subsequent pro- 
cessing operation. Obviously, the hollowed-out pattern 
shown in Fig. 6 is just one of the possible examples and 
hence should by no means be construed as a restriction 
on the design of the bonding pads. 
[0051] Thereafter, a front-exposure operation of the photoresist 
layer 265 is carried out using a photomask M10. The 
amount of energy used in the front-exposure operation 
permits the photo-exposure of a portion of the photore- 
sist layer 265 only. The actual amount of energy used in 
the front-exposure is similar to the one in the back- 
exposure operation. Within the first thin-out region 262, 
the photoresist layer 265 above the source/drain 244 is 



exposed in the front-exposure operation while the pho- 
toresist layer 265 in the remaining area of the first thin- 
out region 262 is exposed in the back-exposure opera- 
tion. In addition, the amorphous silicon layer 230 on each 
side of the scan lines 212 and the amorphous silicon layer 
230 on each side of the bonding pads 216 correspond 
with the opaque region of the photomask M10, for exam- 
ple. Finally, the photoresist layer 265 is developed. 
[0052] The method of forming the patterned photoresist layer 

260 is not limited to the one shown in Fig. 4. As shown in 
Fig. 5, a photoresist layer 265 is formed over the passiva- 
tion layer 250. Thereafter, a half-tone photomask M20 is 
provided. Using the half-tone photomask M20, a front- 
exposure operation of the photoresist layer 265 is carried 
out and then the exposed photoresist layer 265 is devel- 
oped. The first thin-out regions 262 correspond to the 
semi-transparent regions in the half-tone photomask 
M20. The areas adjacent to the first thin-out regions 262 
but far away from the source/drains 244 correspond to 
the transparent regions of the half-tone photomask M20. 
In addition, the semi-transparent regions of the pho- 
tomask M20 also correspond to areas close to the side of 
the bonding pads 216 and the scan lines 212. 



[0053] | n the method of fabricating the thin film transistor array 
substrate, the actual configuration of the source/drains is 
not limited to the aforementioned embodiment. Other 
types of design variations are also permitted. Fig. 7 is a 
top view showing another distribution of patterned pho- 
toresist layer close to the source/drain according to the 
present invention. As shown in Fig. 7, the source/drain 
344 comprises a first terminal 344a and a second terminal 
344b, for example. The first terminal 344a has a T-shape 
profile and stretches over the sides of the gate 314. The 
second terminal 344b comprise a pair of linear strips po- 
sitioned on each side of the first terminal 344a and 
stretched over the sides of the gate 314. With this design, 
deterioration of thin film transistor performance due to 
alignment errors between the source/drain 344 and the 
gate 314 is significantly minimized. Furthermore, the pat- 
terned photoresist layer 360 at least covers the source/ 
drain 344 and its peripheral region and part of the edges 
of the patterned photoresist layer 360 has a plurality of 
first thin-out regions 362 having a smaller film thickness. 
In addition, each first thin-out region 362 stretches over 
part of the edge of one source/drain 344. 

[0054] pig. 8 is a schematic cross-sectional view of a thin film 



transistor array substrate of another embodiment of the 
present invention. The method of fabricating the thin film 
transistor array substrate in Fig. 8 is very similar to the 
method as shown in Figs. 2A through 2D. One major dif- 
ference is that a plurality of capacitor electrodes 246 is 
also formed when the second patterned metallic layer 
240a is fabricated. The capacitor electrodes 246 are lo- 
cated over part of the scan lines 212. The capacitor elec- 
trode 246 and the scan line 212 together with the dielec- 
tric layer 220 between the two form a pixel storage ca- 
pacitor. In addition, the process of forming the patterned 
photoresist layer (not shown) further includes forming a 
plurality of second thin-out regions on part of the edges 
of the patterned photoresist layer. Each second thin-out 
region stretches over part of the edges of one capacitor 
electrode 246 so that one side of the capacitor electrode 
246 forms a staircase structure S2. In this embodiment, 
the remaining steps for fabricating the thin film transistor 
array substrate are identical to the aforementioned em- 
bodiment. Hence, the chance of cracking of the pixel 
structure 270 when the pixel structure 270 is set up over 
the staircase structure S2 is greatly minimized. 
[0055] The aforementioned technique of fabricating the thin film 



transistor array substrate can be applied to other loca- 
tions on the substrate as well. Figs. 9A through 9C are 
schematic cross-sectional views showing the steps for 
fabricating a stacked film structure according to one em- 
bodiment of the present invention. As shown in Fig. 9A, a 
dielectric layer 420, an amorphous silicon layer 430, a 
first patterned metallic layer 440 and a passivation layer 
450 are sequentially formed on a front surface of a sub- 
strate 400. An ohmic contact layer 432 is also formed be- 
tween the amorphous silicon layer 430 and the first pat- 
terned metallic layer 440. 

[0056] Thereafter, a patterned photoresist layer 460 is formed 
over the passivation layer 450. Part of the edges of the 
patterned photoresist layer 460 has a thin-out region 462 
with a smaller layer thickness. Furthermore, the thin-out 
region 462 stretches over part of the edges of the first 
patterned metallic layer 440. 

[0057] using the patterned photoresist layer 460 as an etching 
mask, the passivation layer 450, the amorphous silicon 
layer 430 and the dielectric layer 420 outside the pat- 
terned photoresist layer 460 are removed. In the mean- 
time, the passivation layer 450 under the thin-out region 
462 is also removed to form a staircase structure S3 that 



corresponds with the thin-out region 462. 
[0058] After removing the passivation layer 450, amorphous sili- 
con layer 430 and the dielectric layer 420 outside the pat- 
terned photoresist layer 420, a conductive layer 470 is 
formed over the substrate 400. The conductive layer 470 
covers the staircase structure S3. Since the conductive 
layer 470 is formed over the staircase structure S3, the 
conductive layer 470 is less vulnerable to break due to 
any undercut phenomenon. The conductive layer 470 is 
fabricated using a transparent conductive material such as 
indium tin oxide (ITO) or strontium tin oxide (STO), for 
example. 

[0059] pigs. 10 and 11 are schematic cross-sectional views 

showing the steps for forming patterned photoresist layer 
with thin-out regions in the process of fabricating the 
stacked film structure according to the present invention. 
As shown in Fig. 10, the method of forming the patterned 
photoresist layer 460 includes depositing photoresist ma- 
terial over the passivation layer 450 to form a photoresist 
layer 465. Thereafter, using the first patterned metallic 
layer 440 as a photomask, a back-exposure operation of 
the photoresist layer 465 is carried out. The amount of 
energy used in the back-exposure is just enough to ex- 



pose a portion of the photoresist layer 465. 

[0060] Thereafter, using another photomask M30, a front- 
exposure operation of the photoresist layer 465 is carried 
out with an amount of energy just enough to expose a 
portion of the photoresist layer 465. Within the thin-out 
regions 462, the photoresist layer 465 above the first pat- 
terned metallic layer 440 is exposed in the front-ex- 
posure operation while the remaining areas are exposed 
in the back-exposure operation. The amount of energy 
used to carry out each photo-exposure operation is de- 
termined in a similar way to the one described in Fig. 4. 
Finally, the photoresist layer 465 is developed. 

[0061] As shown in Fig. 11, the method of forming the patterned 
photoresist layer 460 is not limited to the one shown in 
Fig. 10. In an alternative method, a photoresist layer 465 
is formed over the passivation layer 450. Thereafter, a 
half-tone photomask M40 is provided. Using the half- 
tone photomask M40, a front-exposure of the photoresist 
layer 465 is carried out and then the photoresist layer 465 
is developed. The half-tone photomask M40 has trans- 
parent regions, semi-transparent regions and opaque re- 
gions. Furthermore, the thin-out regions 462 correspond 
to the semi-transparent regions of the half-tone pho- 



tomask M40 and areas on the side of the thin-out regions 
away from the first patterned metallic layer 440 corre- 
spond to the transparent regions of the half-tone pho- 
tomask M40. 

[0062] pig. 12 is a schematic cross-sectional view of a stacked 
thin film structure according to another embodiment of 
the present invention. As shown in Fig. 12, the method of 
fabricating the stacked film structure includes forming a 
second patterned metallic layer 410 before forming the 
dielectric layer 420. Furthermore, after removing the pas- 
sivation layer 450, the amorphous silicon layer 430 and 
the dielectric layer 420 exposed by the patterned pho- 
toresist layer 460, a portion of the second patterned 
metallic layer 410 is exposed. In this embodiment, the re- 
maining steps for fabricating the stacked film structure is 
similar to the aforementioned embodiment. In other 
words, a staircase structure S4 is similarly formed. Hence, 
the method is capable of preventing cracking in the con- 
ductive layer 470 due to any undercut after the conductive 
layer 470 is formed over the staircase structure S4 for 
electrically connecting the second patterned metallic layer 
410 with the first patterned metallic layer 440. 

[0063] pig. 13 is a top view showing the distribution of patterned 



photoresist layer in the process of fabricating the stacked 
film structure according to the present invention. As 
shown in Fig. 13, the method of fabricating the stacked 
film structure can be applied to repair structures in the 
thin film transistor array substrate as well. Part of the 
edge of the patterned photoresist layer 460 has a thin-out 
region 462. Furthermore, the thin-out region 462 
stretches over part of the edge of the first patterned 
metallic layer 440. 
[0064] | n summary, in the process of fabricating the thin film 
transistor array substrate and stacked film structure ac- 
cording to the present invention, a patterned photoresist 
layer with thin-out regions thereon is formed before etch- 
ing the passivation layer. The thin-out regions stretch 
over part of the edges of the patterned metallic layer (for 
example, the source/drains). Thereafter, using the pat- 
terned photoresist layer as an etching mask, an isotropic 
etching operation is carried out to remove the passivation 
layer under the thin-out regions completely. Moreover, 
the amorphous silicon layer extends over the edge of the 
patterned metallic layer so that the conductive layer cov- 
ering this region is less vulnerable to break even if any 
undercutting of the amorphous silicon layer occurs during 



the isotropic etching process. Ultimately, overall produc- 
tion yield of thin film transistor array substrate and 
stacked film structure will improve. 
[0065] it w i|| be apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 
variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 



